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Abstract
The Resource-Constrained Project Scheduling Problem (RCPSP) is known to be 
the framework that can deal with several types of scheduling problems. A number 
of RCPSP models exist where various constraints were relaxed or added. We 
develop a general project scheduler based on the framework of RCPSP/τ model 
which can be applied to various types of scheduling problems. Our scheduler 
solves such problems as the PSPLIB and the school timetable generation problem 
by a slight modiﬁcation in its procedure. In this paper, we solve the nurse sched-
uling problem (NSP) by our previously proposed scheduler. Especially we deal 
with 3-shifts NSP of which data is original. Our scheduler can obtain the fusible 
solution in which all our constraints are satisﬁed.
Keywords: Scheduling, RCPSP, RCPSP/τ, NSP
1.  Introduction
The standard type of the Resource-Constrained Project Scheduling Problem 
(RCPSP) can be stated as follows.  A project consists of activities j ( j = 1,2,･･･ , J )  
with duration time dj.  The activities are interrelated by two kinds of constraints 
such as precedence constraints and resource constraints.  The precedence 
constraints force an activity not to be started before all its predecessors’ activi-
ties have been ﬁnished.  The resource　constraints are special for RCPSP.  For 
each resource r ( r = 1,2, ･･･ ,R ), the availability Ar is limited during scheduling 
horizon.  In order to be processed, activity j consumes ujr units of resources during 
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every period of its duration dj.  All information on durations, precedence relations, 
and resource consumptions and availabilities are given in advance.  Under these 
constraints, we have to decide the allocation point time for all activities to mini-
mize the makespan.
It is very difficult to get the optimum solutions for a large scale problem, 
since RCPSP is NP hard [11,p.95].  On the other hand, RCPSP is known to be 
a framework which can deal with many scheduling problems [1,15], because we 
can regard the various types of scheduling constraints (such as the number of 
machines or workers, installation spaces, capability of a machine per unit time, 
various disjunction constraints, etc.) as resource constraints of RCPSP.  Many 
scheduling problems have been discussed by the framework of RCPSP actually 
[3,15,16].
In the past researches for RCPSP, the extended models of RCPSP [14,19] in 
which various constraints are relaxed or added have been proposed.  There is 
the RCPSP/τ which was called by Hartmann [2,3] , as one of the such extended 
models.
The feature of RCPSP/τ is as follows.
- The precedence constraints are generalized.
- The availability of the resources within a schedule horizon varies at unit time.
- The consumption of the activity within its duration time also varies at unit time.
The RCPSP/τ can deal with many scheduling problems more than standard 
RCPSP since its conditions are extended.  On the other hand, a solution method 
becomes more complicated.  In the past researches many solution methods for 
RCPSP have been proposed [1,4,11,17,18], there were not so many solution 
methods to be able to deal with the RCPSP/τ easily.
We have developed a general-purpose scheduler under a framework of RCPSP/τ 
and aimed at ﬂexibility and applicability [5,6,7].  Our method for the resource 
constraints can handle many types of resource constraints ﬂexibly.  A user can use 
the scheduler to many types of scheduling problems easily by adding or changing 
a few codes of it [8].
We applied our scheduler to a school timetable generation problem (the supple-
mentary school timetable generation problem in ’99 ﬁscal year of Nanzan Univer-
sity) and the PSPLIB [12] (famous general bench mark problems for RCPSP). 
Applying our method to these problems, we obtained good quality solutions with 
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reasonable CPU time [8].  In the school timetable problem, our scheduler could 
get a feasible solution in 8.8 seconds of CPU time by PC.  It took three days to 
make the time table by hand.  In PSPLIB we have obtained the solutions whose 
relative error is about 3% from the best (or optimum) solutions spending 53 
seconds of CPU time on the average.  
In this research, we apply our method to the nurse scheduling problem which is 
known to be difﬁcult [9].
In the rest of this paper, we describe the outline of our scheduler, such as the 
general view of this scheduler and the realization technique in Section 2.  The 
properties of the nurse scheduling problem are stated in Section 3.  In Section 
4, the expression of the constraints for the nurse scheduling problem by the 
framework of RCPSP/τ and the basic approach to solve it by our scheduler are 
discussed.  In Section 5, we show a numerical example using a sample data and 
evaluate the results.  And in Section 6 we discuss the results and future works.
2.　Outline of our general scheduler
2.1　Our scheduling generation scheme 
⑴　The processing outline of the scheduler
Our scheduler uses a general scheduling generation scheme as its base, and 
searches a search tree which expresses a scheduling order combination using the 
backtracking (depth-ﬁrst search strategy).  
The scheduler creates a partial schedule in the general schedule generation 
scheme [13].  Activities are scheduled one by one.  The time when (i-1)-th activity 
has been assigned and the i-th 
activity is going to be assigned is 
called processing phase i in this 
paper.
In phase i, the scheduler makes 
the set of eligible activities which 
should be processed at the next 
phase.  And the scheduler holds 
these activities as a search list. 
The next processing activity is 
chosen from the list using speci-
Fig1   Example the serch space
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fied priority rules which are defined by users.  The same combination of the 
processing order for the activities is not chosen more than two times, since the 
selected activity is deleted from the search list when it is allocated.  This process 
is repeated until all activities are allocated (see the Fig. 1).
The scheduler performs the backtracking, when the evaluation value has 
exceeded the better value which was found in the past search.  In the back-
tracking, the scheduler presumes the “cause activity” to the “failure activity” 
which was allocated at the end.  The scheduler investigates the candidate of the 
allocation order of the “failure activity” using the search list, and the processing 
order of the “failure activity” is advanced before the order of the “cause activity”.
The users should make the rules which decide the “cause activity”, because the 
backtracking process is controlled by the presuming of the “cause activity” [8].
⑵　Packing method
By the packing method, the time periods which satisfy the hard resource 
constraints and many types of resource constraints can be dealt with visually 
and ﬂexibly.  So, the user of this scheduler can alter, delete or add the resource 
constraints easily.
①　Rectangle pattern expression of resource constraints
　 　The available resources and the consumption of the resources by the 
Fig2   Example of the pattern expression for amount of consumption and availability
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activities are expressed as patterns of the rectangles along the time axis. 
Fig.2 shows the examples for the consumption patterns for activity j1 and 
the available resource patterns.  At 2 unit time from beginning of activity 
j1, 2 amounts of R1 are consumed by activity j1.  The consumption of R1 
is changed from 2 to 1 at 3 unit time, and is changed to 0 at 5 unit time. 
For the other resources, it can be explained similarly.  Availability can be 
explained similarly.
②　Pattern packing
　 　The time periods which satisfy the resource constraints of an activity are 
the time intervals when each the consumption pattern is included in the 
available resource pattern.  So, we 
calculate the periods which satisfy 
the resource constraints using the 
checking algorithm of inclusion 
relation with two rectangle patterns. 
We call the algorithm “packing algo-
rithm”.
　 　The time periods which satisfy 
the resource constraints are obtained 
by calculating the intersection of 
these time periods of all resources 
constraints (Fig. 3).
③　Calculation of decision time
　 　In consideration of the precedence 
constraints of activities, we find all 
new time periods which satisfy all 
‘hard’ constraints within the packing 
periods of ② .  Furthermore, using 
the evaluation formula of the ‘soft’ 
constraints that are deﬁned according 
to each problem, the start time of 
the activity is decided within these 
Fig3   Culculate time period
Fig4   Calculate the new environment
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periods.  The activity is allocated at the decided time.  We recalculate the 
new resource environment by subtracting resource consumption pattern of the 
activity from the resource pattern which was available before scheduling the 
activity (Fig.4).
3.　The nurse scheduling problem and its constraints
3.1　About the nurse scheduling problem
The Nurse Scheduling Problem (NSP) is a problem which generates the service 
timetables of nurses in a given term in a hospital (or a section of hospital).  The 
head nurse (chief, leaders etc.) usually makes the timetable by hand.  In the 
average case, the number of nurses is some dozens and the given term is about 
one month.  The problem includes many combinatorial constraints such as the 
service order of each nurse and the total number of nurses who are needed by 
each service shift.  She (or He) has to modify the timetable asking to the nurses 
to adjust nurses’ private schedule to operate their nursing job.  It consumes 
much time to make the timetable which satisﬁes the constraints by hand.  In 
fact, the head nurse sometimes can not make the timetable which satisﬁes all the 
constraints in spite of spending one day or more.  Her burden to make the time-
table makes her own nursing jobs very severe [9].
3.2　About the constraints of the NSP
We have classiﬁed the constraints of the NSP into two types.  We show these in 
the following.
⑴　The constraints from a service system
The ﬁrst type is caused from the nursing system in their hospital (or their ward). 
In a ward which adopts three shifts, a nurse must serve at three shifts, which are 
a day shift, aｎ evening shift and a night shift.  Moreover, two or more group 
classiﬁcations exist.  The group classiﬁcation is decided by the medical team, the 
nursing skill (ability) classiﬁcation, etc.  It is decided whether each nurse belongs 
to each classiﬁcation.  From these, the attribute will be given to each nurse.  For 
example, nurse 1 has the attribute that she (or he) is in the medical team T1 and 
she (or he) has the ability A (A is the best grade of the ability).  Furthermore, the 
maximum and minimum numbers of nurses for each classiﬁcation are decided on 
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each shift, in advance.  For example, in a certain night shift, it is required 4 nurses 
in total from each medical team.  In their four nurses, one or more ability A (high 
skill) are required，and the number of ability C nurses (a newcomer nurse) should 
be less than one.
⑵　The constraints for each nurse
The second type of constraints is for each nurse.  The shift of each nurse has 
also many restrictions.  For example, an evening shift or night shift immediately 
after a day shift is forbidden.  Moreover, the number of the same consecutive 
shifts of a nurse can not exceed the given number, e.g.  the nurse cannot serve a 
day shift continuously ﬁve times or more.  There are other constraints to the night 
shifts and the evening shifts.  After a series of night shifts is over, the interval 
of the next night shifts should be more than the given interval (e.g. one week or 
more).  The evening shift has the same rule, too.  For a night shift, a scheduler 
must consider the afﬁnity among nurses, e.g.  the nurse 1 and nurse 2 are not suit-
able to be a night shift pair because ｔ heir relation is not good.  
In addition, the days (or shifts) of which each nurse cannot serve are decided 
in advance by the schedules of meetings and training, the physical condition, or 
private plans which are proposed by each nurse.  
4.　Approach by RCPSP/τ
The basic ideas for discussing the NSP by the framework of RCPSP/τ are 
described here.
4.1　Basic ideas of our solution method
ⅰ )　Deﬁnition of the scheduling activity
We define one shift of one nurse as the scheduling activity.  Consider the 
following situation.  The number of nurses is M, and each nurse must serve p 
times at night shifts, q times at evening shifts and r times at day shifts in a month. 
The total number of scheduling activities become M× (p＋ q＋ r ).
We allocate the sequential number (from 1) to each shift of each day.  So if a 
scheduling period is one month (30 days) and a day has three shifts, there are 90 
allocating point t (t = 0,1,2, ･･･ ,89) in total.
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ⅱ )　Determination of the number of scheduling activities in advance
Let M be the total number of nurses, L be a scheduling horizon and G be the 
total number of group classiﬁcations.  Also s be the shift-number such as s = 1 (night 
shift), 2 (day shift) and 3 (evening shift).  Under these, we determine Wks which 
is the total number of scheduling activities for nurse k (k = 1, 2, 3 ..., M) at shift 
s, in advance.  Wks should satisfy the following conditions in order to satisfy the 
feasible solution.
 ……………………⑴
 ……………………⑵
with the following notations.
　　Ts :  the total nurses which are needed on the shift s ,
　　
Pkg｛ １: When the nurse 
k belongs to group g ,
　　 ０: When the nurse k dose not belong g ,
　　Ltgs :   the minimum number of required nurses belonging to group g to 
shift s on t-th day, and
　　Utgs :   the maximum number of required nurses belonging to group g to 
shift s on t-th day.
The number of activities is also adjusted in order to treat each nurse fairly by 
considering her labor situation of last month, health condition and their private 
schedule, etc.  We call this process a planning process.
ⅲ )　Our assignment strategy for the NSP
To solve the NSP, we adopt the strategies that the number of activities of day 
shifts should be minimized and should relax the some order constraints of day 
shifts.  Since we knew that it is difﬁcult to get the scheduling that satisﬁes all 
constraints at the same time, so we employed the strategy.  In other words, the 
strategy is that we relaxed a part of the constraints.  The constraints of night shifts 
and evening shifts are strict, so if activities in these shifts move to other days, all 
the scheduled nurses must be considered again.  On the other hand the constraints 
of day shifts are loose compared to others shifts, since small change of number 
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of nurses at dayshift is acceptable in many practical cases.  By these reasons, the 
scheduling has been performed using the following strategy.
　① 　We relax a part of the order constraints, such as the successive 
constraints for dayshifts.
　②　We allocate the minimum number of nurses at a day shift.
　③ 　We admit that some nurses are added ( or removed) to several shifts by 
hands in order to satisfy the ignored constraints.
ⅳ )　Pattern expressions of the constraints
We express various constraints of this problem by two kinds of patterns, the 
available resource patterns and the resource consumption patterns.  Each sched-
uling activity has these consumption patterns.  We will describe this in the detail 
in Sec.4.2.
4.2　Pattern expression of various constraints
It is the fundamental property of our scheduler that the constraints of the 
problem are expressed using two kinds of rectangular patterns, the available 
resource pattern and the resource consumption pattern.  Our scheduler calcu-
lates the time periods which satisfy the resource constraints using the packing 
method.  Two or more rectangular patterns are prepared according to the resource 
constraints of each problem, and one scheduling activity has also two or more 
consumption patterns.
The pattern expression method of the constraints treated on the NSP is shown 
below.
⑴　Constraints to the total nurses in each shift
The constraints of the required number of nurses in each day are realized by 
carrying out the packing of two patterns.  The two patterns are the consumption 
pattern which assigned to a scheduling activity and the available resource pattern 
which assigned to the total required number.  The example of pattern expression 
to the dayshift activity of nurse1 is shown in Fig.5.
⑵　Periods of which each nurse can serve
One nurse cannot serve two activities at the same time.  Moreover, there are the 
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Fig6   Pattern expression of the period in which each nurse can not serve
Fig5   The pattern expression of the constraints which is needed for each day
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periods of which each nurse can serve.  These constraints can be realized using 
the available pattern of height 1 at the time point in which the nurse can work and 
assigning the consumption pattern of this available resource pattern to activity.  An 
example of expression is shown in Fig.6.
⑶　Constraints of maximum and minimum nurses from each group
For each group of nurses, the maximum number of the nurses and the minimum 
number should be decided.
Our packing method can be applied to the maximum constraints directly. 
On the other hand, a trick is needed for pattern expression of the minimum 
Fig7   The pattern expression of the maximum and minimum constraints
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constraints.  In order to present the expression of minimum constraints, we use the 
following example.
There are three medical teams such as T1, T2 and T3.  A night shift or an 
evening shift is carried out by the total of three nurses, and at least one nurse is 
required from each team.  Suppose a day shift requires 10 nurses which includes 
two or more nurses from each team.  In this case, maximum and minimum 
number of nurses from each team at the day shift can be stated as follows.  
　　2 ≦ number of nurses from T1 ≦ 6 ,
　　2 ≦ number of nurses from T2 ≦ 6 , and
　　2 ≦ number of nurses from T3 ≦ 6 .
After all, at the day shift, it will be said that at most six nurses who belong to 
T1 can serve, and at most eight nurses who don’t belong to T1 can serve.  Then, 
the following negative patterns are prepared to realize the minimum constraints 
(Fig.7).  In this example, the activity which is serviced by the nurse 1 who 
belongs to T1 at a dayshift has the following six consumption patterns such as T1, 
not T1, T2, not T2, T3 and not T3.
Also to realize the other group constraints such as skill levels, the similar 
patterns will be added to each scheduling activity.
⑷　Constraints for order of activities
In order to treat the order constraints more simply, we considered as follows. 
An evening shift and a night shift exist between a day shift and the next day shift. 
Fig8   The pattern expression for the order constraints among the activities
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The interval is two shifts.  An evening shift or night shift cannot be allocated after 
the day shift, because the interval is less than two shifts.  We consider that the 
two or more shifts interval of a successive activity should be regarded as neces-
sary interval.  Thus, the order constraints of activity need two or more shifts of 
intervals between two successive activities for each nurse.
The pattern expression of these constraints is considered as follows.  A certain 
available resource pattern is prepared for each nurse activity.  This pattern is a 
dummy pattern to manage the order constraints of the nurse.  The consumption 
dummy patterns are prepared by each nurse activity.  The consumption pattern 
has the length of 3shifts  (= 1shift of working hours＋ subsequent 2shifts).  The 
rectangle is extracted from the dummy pattern.  So the other activities of the nurse 
cannot be allocated in the following two shifts periods.
The example of expression is shown in Fig.8.  The activity of nurse1 can‘t be 
allocated in t = 3 and t = 4.
⑸　Order constraints for the night shift
To realize the maximum number of successive night shifts (or evening shifts) 
constraints, we also consider a special expression of the patterns.  The following 
situation is assumed.  The number of successive night shifts should be m or less. 
The interval of the night shift and next night shift needs n or more shifts, if the 
times of successive night shifts become more than m times.  A night shift is real-
ized from these constraints.  If n is more than m, a pattern of the constraints can 
Fig9   The pattern expression for the continuation constraints of nightshifts (or evening shifts)
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be expressed by the following patterns.  The example of expression is shown in 
Fig.9.  The m is the number of consecutive night shifts.  The night shift cannot be 
allocated in the following n days.  In the successive constraints of evening shifts, 
we can realize using the same way.
4.3 Formulation by RCPSP/τ
As many constraints (such as the total number of each shift, the maximum and 
minimum number of nurses from each group, the prohibit order of many activi-
ties or the combination for some nurses, etc.) should be considered to be resource 
constraints, we can formulate the problem in the following way.  Here is the nota-
tion.
　　R = { Rr | 1 ≦ r ≦ P } : set of all resources ,
　　J = { j | 1 ≦ j ≦ Q } : set of all activities ,
　　S :  set of allocated activities ,
　　Ar,t :  the amount of available resource r at time t ,
　　uj,r,p :   the amount of resource consumption of r at the passed p  
(0 ≦ p ≦ duration of j) from start time of activity j ,
　　Jr,t :   set of the activities which consume resource r and be carried out at 
the period [t-1,t) ,
　　sj :  Start time of activity j (determination variable) ,
　　Max (num (S)) (but let num (S) be the number of the element of set S) ,
 ……………………⑶
subject to
 ……………………⑷
4.4　The modifying code of our scheduler for the NSP
In our scheduler, a user can add or modify the following codes.  
　　①　the selection rules of the allocateing activity (priority rule)
　　②　deciding rules of allocation time for　the activities
　　③　control rules of backtracking method
For ③ , We regard the activity which is allocated at the most nearest position of 
the “failure activity” and shares a resource, as the “cause activity”.
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On the NSP, if many activities of the same attribute are on certain time zone, 
we will not be able to allocate the activities on the other time zone.  As a result, 
the allocation becomes very poor.  To avoid this, the rules for ① ② are used in 
the following way.
⑴　The method to decide the scheduling order of activities
In order that that activity of the same attribute is not processed continuously, 
we adopted the following algorithm as priority rule.
Let N be the list which has the candidate activities to be allocated in next phase. 
When N is empty, N is created by the following method and the head activity in 
the list is considered as the activity which assigns in next phase.  We summarize 
the process to generate N in the following.  Here is the notation.
　　U :  list of un-scheduled activities
　　j :  activity
　　N, N’, U’ :  list of activities (these are temporary list)
　　id (j) :  id number of the nurse who does the activity j
　　ID (N) :  set of id numbers of the nurses who do each activity of set N
　　:=  :    equal by deﬁnition
　　A＼ B : difference of set A and B
　　step1: (initialization)
　　　N, N’, U’ := Φ (initialize)
　　　U  :=  all un-scheduled activities
　　step2:
　　　while (U ≠ Φ) do
　　　{
　　　　w := head activity in U
　　　　U := U ＼ w (remove w from U)
　　　　if (id (w) ∉ ID (N’))
　　　　　add w  at the head position in N’
　　　　else
　　　　　add w  at the head position in U’
　　　}
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　　step3：
　　　Each element from the head of N’ is added to the tail end of list N by turns.
　　step4
　　　if (U’ ≠ Φ  ）
　　　　U := U’
　　　　U’, N’ := Φ
　　　　go to step2
　　　else
　　　　end of this algorithm
⑵　The method to calculate an allocation time of an activity
To avoid concentration of the same attribute activities, it is a preferable choice 
that the allocation time should be selected at the time in which other activities are 
not allocated.  From these, we decide to schedule so that the consumed resources 
become as equally as possible.  
Let the list L = {s1, e1, s2, e2, ･･･ } be the enumerated time points which 
satisfy the resource constraints by the packing method.  Here s1 expresses the 
beginning time of the ﬁrst time zone which can be allocated the activity, and e1 
expresses the ending time of ﬁrst time zone similarly.  The following sorting is 
performed in L, and the head time of the result should be selected as start time of 
the activity.  Here is the notation.
　　S:  the sorted list of the resulting time of the present partial schedule in the 
ascending order.
　　T: enumerated time list (initial value is empty)
　　t: time
　　　while　(L ≠ Φ) do
　　　{
　　　　t := head time of L
　　　　L := L＼ t
　　　　if (t ∉ S)
　　　　　T := the set of added t at the head position in T
　　　　else
　　　　　T := the set of appended t at the tail position in T
　　　}
　　　end of this algorithm
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5.　Numerical Experiment for 3-shifts problem
The effectiveness of this scheduler has been evaluated using the following 
sample data.  The data is artiﬁcial, but is almost the same size as the real situa-
tion.
5.1　Sample data
In this data, the service timetable of 24 nurses must be generated 30 days 
schedule time.  The skill levels of nurses have three classiﬁcations called A1 (upper 
class), A2 (middle class) and A3 (beginners’ class).  Also we consider three 
medical teams as T1, T2, and T3.  Each nurse has the attributes shown below.  
Table 1   The data which are used on this test
Team Nurse 
ID 
Classiﬁcation 
of ability
Team Nurse 
ID
Classiﬁcation 
of ability
Team Nurse 
ID
Classiﬁcation 
of ability
T1
1 A1
T2
9 A1
T3
17 A1
2 A1 10 A1 18 A1
3 A1 11 A1 19 A1
4 A2 12 A2 20 A2
5 A2 13 A2 21 A2
6 A2 14 A2 22 A2
7 A3 15 A3 23 A3
8 A3 16 A3 24 A3
5.2　The adopted constraints in the experiment
The adopted constraints are as follows.
①　in each dayshift
　　　→ 8 nurses are needed ,
　　　→ A1 (upper class) ≧ 2 , 
　　　→ A3 (beginner) ≦2 , and
　　　→ 2 or more nurses are needed from each medical team .
②　in each night and evening shift
　　　→ 3 nurses are needed ,
　　　→ A1 (upper class) ≧ 1 ,
　　　→ A3 (beginner) ≦１ , and
　　　→ 1 nurse is need from each medical team ;
③　at least interval between services ≧ 2 shifts , and
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④　the successive night shift ≦ 2 times ;
⑤ 　If the night shifts are not successive, 4 days or more are needed at interval 
between two night shifts ;
⑥ 　Each nurse can specify a off-day in a month (the day is decided by a 
random value) ;
⑦ 　It is forbidden that the nurse4 should be allocated at a night shift together 
with the nurse23 and 24.
　 　According to the strategy and the planning process (refer to 4.1 ⅱ ), the 
total number of the activities which must be performed by each nurse has 
been determined as follows.  The number of the dayshift service for each 
nurse should be 10 times per month.  The number of night shifts and semi-
night shifts should be 4 times, respectively (refer to Table 2).  Consequently, 
this problem has the following size that the total number of resource 
constraints is 84.  The total number of the activities which should be assigned 
is 420 activities (10 resources constraints per 1 activity on the average).
Table 2   The number of service times determined in advance
Service times at night 
shift
Service times at day 
shift
Service times at 
evening shift
A1 (has 9 nurses） 4 10 4
A2（has 9 nurses） 4 10 4
A3（has 6 nurses） 3 10 3
5.3　Computational result
Within 785sec (about 13 minutes) our scheduler has been able to obtain the 
solution which satisﬁes all constraints using the PC with PentiumⅢ CPU 900Mhz 
clock, 128MB Memory, operated by Windows2000.  The result is shown in Table 3. 
In the table, shaded parts represent as the off-days, ‘–’ as dayshift, ‘N’ as night 
shift and ‘=’ as evening shift, respectively.
From the result, we can say that our scheduler is effective to solve the fairly 
complex and large scale problem.  On the other hand, undesirable parts exist, 
because we adopt the strategy of which the number of dayshifts activities is 
minimum and some order constraints among activities were not considered.  The 
result contains three or more successive off-days, an intermittent off-day and 6 
successive services (from the 14day to 19day of N14, from the 8day to 13day 
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of N17).   However, if many dayshifts activities are added or removed by hand 
following our strategy, the result can become more practical scheduling since these 
undesirable parts are canceled.
Table 3   The result which was calculated by our scheduler
6.　Discussions and future subjects
We can consider the following two points as the reason of which our scheduler 
is useful.
The ﬁrst point is that customization of this scheduler to solve the nurse sched-
uling problem was very easy.  As this paper showed, the modifying parts of the 
scheduler were only the codes which decide the starting time point and following 
processing activity.  Actually, we needed about only one and half day to modify 
the codes.  From these results, it turns out that this scheduler is very usefulness. 
We think that the reason is related to the feature of our scheduler which can deal 
with two or more scheduling purposes using RCPSP/τ.
The second point is as follows.  By almost the same framework our scheduler 
has been able to treat the three problems which have a different property at ﬁrst 
sight, PSPLIB, a school timetable generation problem and NSP.  These problems 
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can be discussed under the framework of RCPSP/τ.  Until today, there are many 
researches which solved each problem separately and suggested only that it should 
be applicable to other similarity problems.  The possibility of the realization of a 
general project scheduler could be suggested by our research.  
On the other hand, some future subjects of this scheduler also become clear. 
The future subjects are as follows.
・ To improve the search capability of the scheduler using more effective 
backtracking.
・ To increase the number of types of order constraints which our scheduler can 
treat.
・ To automate the ﬁrst process (prior process) of determining the number of 
activities for each nurse, and the last process which adjusts day shifts activities.
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